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a) Total transmission:
ε = 0.25
g* = 1, M = me
Bφ = 30 Φ0 / (pi a2)
Bz = 15 Φ0 / (pi a2)
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Partial transmissions
in Sz - basis:
b) Diagonal elements
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c) Nondiagonal elements
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b) Partial transmissions
in Sz - basis:
T↑↑
T↓↓
Büttiker et al.
ε = 0.25, α = 0°
g* = 1, M = me
keff a = 5.2
a) Total transmission:
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Büttiker et al.
lv¡

C £


	
­1C1l64
5
©
	
gACCH1|I64CqH5Cv8451©A©HHHCv039V1eC }Cv

ACH84]69X
¤>A
7
#4¡ﬁ :1¡1&4a

DqA¡84 aCHc0
5
aC&4
5
H

HA~$C SI#4 ¡
M
o
 

o
Ł

	
£iÆ-4OCH
Cv

ACH84¬lC ﬁ0H0	C84 ¡:1C0}69 *1¥D64
5
+1¥G0v0	C84AC
5
0	

v
5
64
5
4OC4rgv
^a

0¬(±
 

±
 

z
£ i 
M
4

aIHa1
	
C0

vC69C ea1H

HACv84
5
0C	5v©
5
A©¤1,AC
	:AC
5
¢QHC]C 
M
641
7
CHa1
	
50

vCQ69
~
Ç

Cv¦1aDae1"£[|  9F}G¬a<W_£
M
 £
|
;
	
¬¢Q aC
¢kc0¤1c	1CC0	
5
Ce&4aC¡
7
69C D0v0	C84~©
7
C Cka064$C4(a51	CH84M&4 aC¡
7
¬a
W g£
M
 £:949
	
¬ 9V1¥f *
j
¥i64
5
f +
j
¥G0v0	C84cC00	Cv¤10
7
¬

q#4 ¡

¯©1CÉ	84(5H©

Cv840£
{
Q	^0	
5
¬C 9C0

HCiAC9C 511£
^
¢c¬CHS1S§©

#4E§C $qA5_
M
 £
J

	
§1©C1#4 C5645qHCCH84£2Q aC1¬#484 
69Cq

qq64
5
a¬C K@ A4;W6^H/;969C qqAI_¯Ê

ta

59¢QaC019C q1CacC
5
	9	84EC1#4cC
qA5_Ê
	
vC0#9|¡:v¤t#4 ¡IHe
5
*;aC&4(C:9{1	15~	t
M
m



  	
64
5
	t
M



    	
5
064
5
#4 ¡ﬃ9V1
4

qa5Ha1a¤A1

ACv84O#4C S¡1&4 a51a1
Ł
 
U
R

 
U
 
u

z



|






£i C0

v,HiC ¢>4§C4
H¡ £7 £^£
VQ¢ka¤1a¬ 9m1SC MCv

ACv84¢QaCC  


 
)

1H64Â#4(a¡1a}69iC7

 

64E


 
uA¬
¢kqa64É5^	a
5
9

CC aD#4¯C 641
7
CHa1a1H

HACv84£

:#4 ¡ 9m1DC qa1 f
Q
G
M


|
U
7fﬀ
h
n


¬
<9&£BW_£
M
 £:9
|	
¬ 64
5
5#4 ¡eC 7C0HACv84l¡:v¤1&45H1
M
 £
J

	
¬t¢7a¤>1

A7C 7a5qX#4
M
 £
J

	

4
5
a

CHHv®0ACH84M69


Ł

B
M
X
Q


W

m
Ł

B
O
X
Q

Ê 

Ê
 

5
HA¡
M



W







W
	

64
5
qA¦1

969lC 

4HCA5v
7
69Ê A¬ Ê




Ê
E


Ê


¬ ¢9Q4
5
½

Ê 	
½


|



vx
x
x
x
x
x
x
x
y


M

  1
	




z



m


z
z

W
M

  1
	



W
z


W
m

W



m


M
1	 

	

z


M

  1
	




z
z


W
m

W
M
1 

	

z

W
M

  1
	



W
~6









      i#JF
ﬂ%  
! & "J 4% 
Y	 w	JLW
ﬀ('7Y%ﬀﬀ7 	Jﬀ`'  S#|
½



Ê



½




|



vx
x
x
x
x
x
x
xy
  M

  1
	

 

z
m
 


 
z
z

W
M

  1
	

	
W
z
m
 
W


W
m
 


  M
1 

	

z
  M

  1
	

 

z
z
m
 
W


W
M
1 

	

z

W
M

  1
	

 
W
~6









T

©51	CC4 ¡C 0]	tC05Cv84a¬k¢kOAC5v¤1§AC §qA5v
1
 
\]J^

1
M


 
	
CAq¢kO	^0	q
	:#4a
5
9¢,vCMC 9C0

vv|  9F}|69
~
Ç

Cv¦1aiaQ1G£
M


~
Æ 
	
£01©C1#4

1
 




|


vx
x
x
x
x
x
x
x
y
z z
 

m
 
z
z z z
 
W
m

W
 

m
  M
1	 

	

z z z
z
 
W
m

W
M
1	

	

z z
~6









M
 £:9P
	
C #4E¤1a5Cv84M69¢Qª5Ma¤1&4E

1H
7
¡:v¤10
1
 









m
PM
1 

	


1
 

W





W
m

W
M
1 

	


1

W

1




z

M
 £:9
S
	
s,CC4 ¡CA







W

W

|
¬¢9Q4
5
9V1iCc564CHCCv84M1gHv
5
0
±
 
  

 





1
 





1
 




 

|
m
l	:
R

!
 
P


!

S
M
1	

	


M
1 

	
W

±
 


 





1
 

W


1
 

W

 

|
m
l	:
R

!

P


!

S
M
1	

	


M
1 

	
W

M
 £:9G
	
¢QvC
!
 
C

I
P

R
h
 

M
m
	
h
n



M
 £:949
	
!


R
 
 
u

z



R



R



J
R

66

M
 £:9;
	
<9&£1ªKW ^a£
M
 £
|
¬+ £
	
£"0S	84(¤t#4	c

50v¤107CAiCH7	tC05Cv84H7)

v¤A1v&4E7¥W g£
M
 £
|
;
	
#4MC Hªqv



z

  

z
©
7
I7Ca¢i5HC#4 ¡
M

C#4 ¡
1 



|
m


1





|
m

	
±
 
M
 
 

z	

 

|
m

M
|
m

	
	:3
!
P

M
|
m

	


W«¤A1

AC#4 ¡ C C0

v69
~
Ç

Cv¦1aa¾1"£ 9m1CÀ564CHCCv84 C1©A©Hªv
7
±
M


h
 

    	
¬
<9&£>W_£
M
 £
|
;
	
¬#4
5
a
5 7
v0
5

±
M


h

 

 
 

z	

 

M
|
m
	:>
!
P
	
 |
M
|
m

	

M
|
m
	:+
!
P
	




M
|
m
	:


!
P
	
}

 

|
m

M
|
m

	
	:3
!
P

|
m
 

 


±
 
M
 


z	
 

Ł



M
 £:9B
	
S
    %ﬀ%ﬀﬀ	JJ ﬂ	4 	
#![F
F	
VQ&4	1¬7¢§¤1OC¢>4 4

qa5Ha1H
7
M
<9&£ lv¡ £_ £
	
64
5
641
7
CHa1H
7
| 9V1$	aCC1#4 gA51aa5a¬7a
W g£
M
 £:9B
	
}G¬gC00	Cv¤10
7
¬tCA7

¡1&4a51AC:1IMq#4 ¥
5
a&4
5
&4E«5641C7#4M4 84t¥

4	9m15
qA¡84 aCH$0
5

M T
0	Cv84  £
	
	84(C1C4C M¢0H_¥G¦X4 ¢>4C0

v
M
 £
|
;
	
M
<9&£
T
0	CH84  £
|
£
J
¬|  9F}
	
1
HHqvCC4 ¡a1Cc69

4	9m15 qA¡84 aCªe0
5
o
  

o
Ł

£
!  !   ?#N 	& /
ﬀB # 
 	&  &ﬁﬀ &ﬁ!#  #N 	# &   c7 & 
   
?#N 	&7 & & 
  # 7
T
 9mA0¬¢q1v¢~
7



5
C .

¥G©15He	^50CDC #4¯CA0 4a
5

5
]a1H

HA}C }564T9Va
qA5H	0a£ V,aC1¬~C ]5645qHCCH84¨C1©A©ªHv
7
9V1ﬁ#4t¥Jv¨Ct	0C0a¬~Ê
 

Ê
 
H 4 84t¥G®aaC 9V1
CHv
5
qA¡84 aCHQ0
5
a¤1&4$C4qC e
5
HA©ACH,HHqHa£0eC0a1HgCAC aC,A5I4 S564CHCv84«©a&¢ka&4
C ]C1gA¡:AC#4 ¡ f ,
M

	
j
¥C¬Cf -
M

	
j
¥`CA0M#4¨CHa1C1£ iªªa¬X69 	

5C1¬A4 	84E5
5
ª	Cv84 C#4	
C  f ,
M

	
j
¥C¬f -
M

	
j
¥`CCA0CaC0C&4(}#4c1Hv¡84 
5
¢QvC C ﬁqA¡84aCHqg0
5
¬¡:v¤1&4C4 .

¥G©15H1
| <9&£>W_£
MKJ
£
|6z	
¬3LK«H~C c0
5
	t

CcAI1aa0¬aW g£
MKJ
£
||	
}
f ,
M

	
j
/
	:21

Ł
DC
FE3HGJI
C#451
#6

f -
M

	
j 
/
5#451

m
Ł
DC
E3HGJI
	: 1
(6

M
 £<;
z	
{
Ha14ACv¤10
7
¬$84  a64¿	845
5
a I64CqH5Cv841ªv
5
0C4C 
M
v^a1
	
.
1
¥G©1Cªa¬q¢Q a5
C ﬁ,¥ﬁ64
5
-^¥`CA0OA5C1CA
5
©
7
6464 ¡:v   ¢c£Ë£Ëa£L¦A¥`>tªa£ci  4a¢ 564CqªCCv841ª_¥

5
0MÊ
1
MM

Ê
1
M
O

Ê
1
O
M

Ê
1
O9O
CACaH1	ÉC ¯84 0M¢c£Ë0£Ëa£.

¥G©g1CHa¬i¡:H¤1&4#4 C qA5_ ±

#4
M
 £4;
	
¬
Ê
  

Ê
 

Ê
 

Ê

¬ACc1©C1#4 
5
©
7
a 9m15qC4 ¡SCAC15HADC0	Cv84a£ 1,	 1v1¬
Ê
1
M9M

F
,
M


R
	
f ±

f ,
M


z	
j

M
 £<;
|	
¢QvCÉC qg
7
CHa1#4EaC5aCACv84CA§#41HH¡84 
5
#4ÉC 
5
vC0	Cv84É69~C qqA¡84aCH}0
5
¬|	E¥
C0C
5
#4 .

¥G©15Ha¬~&4(aIqC O5#4 ¡AﬁC ]:CvCv84 

z
£ C41H
7
¢k¯AC§#4EaC0
5
#4C
1Hv
5
cCAeC }#4OH,CCHH15H&4(
5
¢QvC§C }qA¡84 aCH0
5
AeCS&4
5
69«C S5#4 ¡
M


R
	
 $CH,HiC0aH0
7
¢QA,¢kSÊ
1
MeM
	t0	,
5
05	5v©1£kÆ 4]CS
5
HA©gACHHªqva¬ ¢¢QHªQ4
5
Ê
1
M
O

Ê
1
O
M

¤>64ªC1i	t0	
5
¬<93£9V1,	t1gv]lv¡ £ £:9>A£
 1D	:va&4 05a¬ ¢k¡:v¤1cC ca¤A1

A
5


64ECvCv00¬
Ê
1
M9M

Ê
  
	:

 


Ê
 
	:
 

C#4
 

Ł


G
m
Ê
 
	:
 

C#4
 

Ł
7

G
m
Ê

C#4

 


Ê
1
M
O

Ê
  
	:
 

CC4
 

m
Ê
 
	:

 

Ł

FG
m
Ê
 
C#4

 

Ł
7
HG

Ê

	:
 

C#4
 
 
Ê
1
O
M

Ê
  
	:
 

CC4
 


Ê
 
C#4

 

Ł


G

Ê
 
	:

 

Ł
7

G

Ê

	:
 

C#4
 
 
Ê
1
O9O

Ê
  
CC4

 

m
Ê
 
	:
 

C#4
 

Ł


G

Ê
 
	:
 

C#4
 

Ł
7

G
m
Ê

	:

 


M
 £<;
	
i q1C1X564CHCCv84ÉC1©A©Hªv
7
±¸H9	aCC1#4
7
	84aC¤1
5
1a64©01Cª
7
I 0C¦1
5
¦1aa ¥
#4 ¡]#4qC4
5
CAC64
5
¢QHI#4 ¡$±

¢QHCÉC 
5
*;aC&4Ec#4CCA0Sa64 ©5aC0&4E
5
©
7¯
4vCA
7
564T9m15qACv84§qA5H	0

64
5


¬C00	Cv¤10
7
£Æ 4 .

¥G©1Cªa¬
±
C

I

»

¼ 	
 
¼

Ê

	Ê



.
M
 £<;
J
	
     #
# JF
 `	J$ ﬀa s k!"x& (7k	
$  	JLA	
#7ﬀ  Dk`	
 S
J
10 12 14 16 18 20
0
1
2
a) Total transmission:
ε = 0.25
g* = 1, M = me
Bφ = 30 Φ0 / (pi a2)
Bz = 15 Φ0 / (pi a2)
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c) Partial transmissions
in Sα - basis:
Tα
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Tα
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b) Partial transmissions
in Sz - basis:
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Bφ = 30 Φ0 / (pi a2)
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c) Q = 5 (adiabatic)
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Reflection and refraction at a planar interface
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symmetric solution antisymmetric solution
R2 = 0.4,  δ = 0.2, n1 = 3,  n0 = n2 = 1, k0 = 1.66,  m = 3
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φ’0 = 12°, χ0 = 35°
R2 = 0.4,  δ = 0.2,  n1 = 3,  n2 = 1
φ’0 = 12°, χ0 = 33.5°
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